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(57) ABSTRACT

Systems and methods are disclosed that facilitate rapidly
warping a two-dimensional 1mage using integer math. A
warping table can contain two-dimensional floating point
output pixel oflset values that are mapped to respective mput
pixel locations 1n a captured image. The warping table
values can be pre-converted to integer oflset values and
integer grid values mapped to a sub-pixel grid. During
warping, each output pixel can be looked up via 1ts integer
oflset value, and a one-dimensional table lookup for each
pixel can be performed to interpolate pixel data based at
least 1n part on the integer grid value of the pixel. Due to the
small size of the lookup tables, lookups can potentially be
stored 1n and retrieved from a CPU cache, which stores most
recent instructions to facilitate extremely rapid warping and
fast table lookups.

24 Claims, 13 Drawing Sheets
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METHOD TO QUICKLY WARP A 2-D IMAGLE
USING ONLY INTEGER MATH

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent

Application Ser. No. 60/567,151 enfitled A NOVEL
METHOD TO QUICKLY WARP A 2-D IMAGE USING

ONLY INTEGER MATH and filed Apr. 30, 2004, the
entirety ol which 1s incorporated herein by reference.

TECHNICAL FIELD

This invention 1s generally related to graphical image
presentation in a computer environment, and, more particu-
larly, to warping two-dimensional i1mages using simple
integer math.

BACKGROUND OF THE INVENTION

Digital image warping has been evolving for decades, and
has grown to embrace a wide variety of applications, such as
medical imaging, computer graphics, and computer vision.
As computers become more powertul, digital image warping,
has become well suited to enhance such fields as special
cllects and 1mage synthesis. Early discoveries related to
remote sensors as well as recent developments 1n computer
graphics and digital camera capabilities have contributed
greatly to the field of 1image warping.

Image warping systems have become of interest in the
areca ol computer-generated i1maging technologies. For
example, some digital warping methods use a technique
known as ‘“nearest neighbor” to warp a digital image.
However, traditional nearest neighbor warping techniques
are limited 1n precision and in their ability to present a
smoothed, warped 1mage to a user, olten resulting 1in
unwanted artifacts, or “aliasing,” which produces jagged
image lines (e.g., “jaggies”). Furthermore, nearest neighbor
methods typically require substantial and time-consuming,
table-lookup protocols, further limiting their efliciency and/
or effectiveness.

An unmet need exists in the art for systems and methods
that facilitate high-speed, smoother 1mage warping.

SUMMARY OF THE INVENTION

The following presents a simplified summary of the
invention 1n order to provide a basic understanding of some
aspects of the mvention. This summary 1s not an extensive
overview ol the invention. It 1s not intended to identily
key/critical elements of the invention or to delineate the
scope of the mvention. Its sole purpose 1s to present some
concepts of the invention 1n a simplified form as a prelude
to the more detailed description that 1s presented later.

The invention disclosed and claimed herein, 1n one aspect
thereot, includes an algorithm that facilitates warping a
two-dimensional (2-D) image 1n a 2-D space given an input
table that describes warp oflsets per pixel. The system
provides improved performance (e.g., speed) over existing
systems, for example, due to pre-conversion of a 2-D oflset
table comprising floating-point values into a one-dimen-
sional (1-D) offset table comprising integers and/or an
algorithm that facilitates achieving suilicient precision for a
desired result. For example, images captured by a high-
resolution, wide-angle web camera (e.g., employed 1 a
conference room environment) can be warped to facilitate
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mitigation of distortion via construction of a warping table
that defines warped output pixel location based on input
location. The warping table can contain integer pixel values
and/or tloating point values to permit greater warping pre-
c1s101.

According to an aspect of the mnvention, a set-up phase 1s
provided, during which a conversion of 2-D floating point
warping table values to a 1-D table of integer values 1s made.
The 1nvention can map output pixel location values (e.g.,
oflset values) to input pixel location values. For example,
floating point output pixel offset values can be converted to
integer values via truncation i order to provide integer
oflset values for respective pixels that can be quickly
accessed. The floating point remainders from converting
floating point offset values to integers can be manipulated
according to an algorithm and encoded 1nto a single integer
value, which represents a point on a sub-pixel grnid. For
example, 11 the grid 1s N units 1n one direction, the range of
encoded iteger values 1s from 0 to (N*N-1). The integer
value permits rapid gleaning of information during an inter-
polation phase. Thus, a 2-D array of floating point oflsets (or
warp coordinates, which are mapped to integer mnput pixel
coordinates) can be converted to a 1-D array of structures,
wherein respective structures store an integer oflset value
and an integer grid value. During a warp, the 1-D array can
be read (e.g., each structure can be read per pixel). From the
orid value, a pixel center can be determined, which 1s the
point from which a source pixel should be read given the
whole pixel value offset. The grid value for a given pixel
(e.g., given the oflset value for the pixel) can be utilized to
determine which surrounding pixels will contribute to the
warped output pixel during interpolation.

According to another aspect of the invention, a warp
component 1s provided that facilitates warping of a 2-D
image using integer math. The warp component can facili-
tate pixel data conversion. For example, warped output pixel
location data can be mapped to input pixel location data, and
can be designated in floating point format to permit higher
precision with respect to warped pixel location. The warp
component can further generate integer oflset values for
output pixels from the floating point output pixel location
information. Remainders from the floating point-to-integer

conversions can be manipulated to derive a single integer
orid value for each output pixel, which can facilitate inter-
polation of pixel information from surrounding pixels during
a warping phase. The warp component can further comprise
an encoder that facilitates encoding warped 1image data for
output to a viewer.

To the accomplishment of the foregoing and related ends,
certain 1illustrative aspects of the invention are described
herein 1n connection with the following description and the
annexed drawings. These aspects are indicative, however, of
but a few of the various ways 1n which the principles of the
invention may be employed and the invention 1s imntended to
include all such aspects and their equivalents. Other advan-
tages and novel features of the invention may become
apparent from the following detailed description of the
invention when considered 1in conjunction with the draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an illustration of an exemplary system 100 that
tacilitates rapid warping of a 2-D image using integer math.
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FIG. 2 1s an illustration of an exemplary system 200 that
tacilitates rapid warping of a 2-D 1mage using integer math
wherein a warp component includes a converter and an
encoder.

FIG. 3 1s an illustration of an exemplary system 300 that
tacilitates rapid warping of a 2-D 1mage using integer math
wherein an algorithm bank and data store are associated with
a warp component.

FIG. 4 1s an illustration of an exemplary system 400 that
tacilitates rapid warping of a 2-D image using integer math
wherein a warp component 1s associated with a processor
and an artificial intelligence component that can make
inferences regarding image warping.

FIG. 5 1s an 1llustration of a group of pixels numbered in
relation to a source pixel to facilitate rapid assessment of
pixel data interpolation.

FIG. 6 1s an 1illustration of a single pixel, expanded to
illustrate a sub-pixel grid of the pixel with a pixel center
ideally positioned 1n grid region 4.

FIG. 7 1s an illustration of a source pixel grid and

neighboring pixels wherein the center of a source pixel 1s not
ideally positioned.

FIG. 8 1s an 1llustration of an exemplary methodology 800
tor rapid warping of a 2-D 1image using a pre-calculated 1-D
array ol look-up tables.

FI1G. 9 1s an illustration of an exemplary methodology 900
for rapid warping of a 2-D 1image using a pre-calculated 1-D
array ol look-up tables and an interpolation algorithm to
mitigate artifacts that can arise during warping.

FIG. 10 1s an illustration of an exemplary methodology
1000 that permits a user to specily 1mage quality prior to
warping using a pre-calculated array of lookup tables.

FIG. 11 1s an illustration of an exemplary methodology
1100 that permits rapid warping of a 2-D 1mage using a
pre-calculated 1-D array of look-up tables and facilitates
making inferences regarding a suitable warped image qual-
ity based at least 1n part on percerved display device capa-
bilities.

FIGS. 12 and 13 illustrate exemplary computing environ-
ments 1 accordance with various aspects of the invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The invention 1s now described with reference to the
drawings, wherein like reference numerals are used to refer
to like elements throughout. In the following description, for
purposes ol explanation, numerous specific details are set
forth 1n order to provide a thorough understanding of the
invention. It may be evident, however, that the mvention
may be practiced without these specific details. In other
istances, well-known structures and devices are shown 1n
block diagram form in order to facilitate describing the
invention.

As used 1n this application, the terms “component” and
“system” are intended to refer to a computer-related entity,
either hardware, a combination of hardware and software,
soltware, or software 1n execution. For example, a compo-
nent may be, but 1s not limited to being, a process running
ON a Processor, a processor, an object, an executable, a
thread of execution, a program, and/or a computer. By way
of 1llustration, both an application running on a server and
the server can be a component. One or more components
may reside within a process and/or thread of execution and
a component may be localized on one computer and/or
distributed between two or more computers.
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FIG. 1 1s an 1illustration of a system 100 that facilitates
warping a 2-D image using integer math. The system 100
includes an mput component 102 that 1s operatively coupled
to a warp component 104, which 1s further operatively
coupled to an output component 106. Data recerved by the
input component 102 can include mnformation associated
with an 1mage, such as, for example, two-dimensional arrays
of static data elements (e.g., pixels), as 1s typically associ-
ated with an 1image captured by a digital camera. The mput
component 102 can provide pixel information related to a
digital image to the warp component 104, which can warp
the 2-D 1mage and transmit the warped image data to the
output component 106 for presentation to a user. The output
component 106 can include, for example, a memory bufler,
a CRT monitor, an LCD display, etc. The warp component
104 can convert 2-D output pixel offset information into
integer values that represent pixel offset and/or a pixel center
position within a sub-pixel grid for a given pixel (described
in greater detail with reference to FIG. 6) and store such
information 1 a 1-D array. The warp component 104 can
employ imnformation stored 1n the 1-D array (e.g., an array of
structures) to mitigate a need for a double-table lookup,
which 1 turn can greatly increase a speed with which a
warping algorithm can warp an 1mage.

Once data has been received by the mput component 102,
it can be transmitted to the warp component 104, which can
reduce 2-D pixel information to 1-D integer information that
can be stored in an easily accessible array to promote
high-speed table lookups during warping. The nput pixel
values can be 1n 1nteger format, and a warping table (e.g.
oflset table) can be specified in floating point format to
provide greater precision with regard to output pixel loca-
tion. The warp component 104 can warp mcoming integer-
based XY coordinates via the warping table into integer-
based output XY oflset values. The warp component 104 can
precompute integer values that define pixel locations, thus
mitigating a need for employing floating point mathematics
during a warp, which 1n turn reduces occupation of proces-
sor resources and increases warping speed. To this end the
warp component 104 can furthermore employ a warping
algorithm that linearizes a table of XY oflsets. For example,
a lookup can be performed on output pixels, and for each
output pixel a small 1-D table can be read to traverse
neighboring pixels and interpolate fractional values there
from 1n accordance with the warping algorithm.

Warping can be performed on a per-pixel basis until all
pixels have been assessed and/or warped to generate a
warped 1mage. The warped 1mage pixel mnformation can be
received by the output component 106, which can present
the warped 1mage data to a viewer. The output component
106 can include, for example, a memory builer, a CRT
monitor, an LCD display, or any other suitable display
device. Additionally, the output component 106 can be
operatively associated with a personal computer, a laptop, a
PDA or other handheld, a cellular phone, etc.

FIG. 2 1s an 1illustration of a system 200 that facilitates
warping a 2-D 1image via converting 2-D 1mage information
into 1-D integer information via a warping table that maps
output pixel location to mnput pixel location. The system 200
includes the input component 102, which receives data
associated with an 1mage to be warped and ensures that such
data 1s readable by the warp component 104. The warp
component 104 receives input information from the mput
component 102 and employs various techmiques to warp the
image on a per-pixel basis before transmitting the warped
image to the output component 106 for presentation to a
viewer. The warp component 104 includes a converter 202
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that receives information related to an 1image and translates
integer XY pixel coordinate data, via 2-D ﬂoatmg point
values associated with output (e.g., warped) pixel oflsets, to
integer values that can be coded by an encoder 204 and
stored 1n an array (e.g., an array of structures) that 1s more
accessible than conventional pixel data storage constructs.
The mteger values represent pixel ofl:

set values within the
image (e.g., pixel locations 1n the 1image).

Floating point remainders that are obtained when the
converter 202 translates a 2-D oflset table (e.g., employing
floating point oflset values) to a 1-D offset table can be
encoded via the encoder 204 into an integer number, which
represents a point on a sub-pixel grid. For example, it the
orid 1s N (where N 1s an integer greater than or equal to 1)
units 1n one direction, the range of possible integer grid
values can arbitrarily be set as 0 to (N*N-1) (e.g.,
height*width-1). The grid value can be employed to facili-
tate rapidly gleaming information during an interpolation
phase. Thus, the 2-D array of floating point oflsets (or warp
coordinates) can be converted to 1-D iteger oflset values
and stored 1n a 1-D array of structures, wherein respective
structures store an integer ollset value that represents the
position of an output pixel 1n an 1image and an integer grid
value that represents the position of a pixel center within the
pixel offset region. During a warp, the 1-D array can be read
(e.g., a structure can be read) on a per-pixel basis, wherein
the offset to a source pixel and the mteger grid value for that
pixel are provided. From the gnid value, a pixel center can
be determined, which 1s the point from which the source
pixel should be read given the whole pixel value offset. By
utilizing the grid value, interpolation can be performed from
the surrounding pixels in a precise fashion.

For example, i the warp component 104 employs a
3-by-3 sub-pixel grid for a given pixel, then the grid will
contain 9 sub-regions of equal size, which can arbitrarily be
numbered, for example, 0-8, although other numbering
schemes are contemplated by the invention (e.g., 1-9, 100-
108, 33-61, etc.). Due to the small size of a 3-by-3 table,
lookups can be performed with great speed. In addition,
table size can be kept small enough that table lookups can
remain 1n, for example, an L1 or L2 processor cache, which
can be read from and/or indexed with greater speed than a
non-processor cache. It 1s to be appreciated that the sub-
pixel grid 1s not limited to being square in shape (e.g.,
3-by-3, etc.) but can assume other shapes and/or dimensions,
and all such suitable shapes and/or dimensions are intended
to fall within the scope and spirit of the invention.

Additionally, the warp component 104 can perform a
lookup of tables for surrounding pixels based on the gnd
value of the source pixel, which can facilitate fractional
contribution of a neighboring pixel(s) to the interpolated
output pixel. Depending on the grid value, which can define
the position of the center of the source pixel inside a pixel
oflset, lookups can include, for example, from 1 to L
surrounding pixels, where L 1s an integer (e.g., 5). The
surrounding pixels need not be directly neighboring; the 1-D
table will define the neighboring pixels from which data
should be 1nterpolated. By employing fractional amounts of
the L surrounding pixels, the warp component 104 can
quickly provide a smooth, warped 2-D 1mage to a display via
the output component 106 for viewing by a user, which in
turn facilitates performance improvements over conven-
tional systems and/or methods.

FIG. 3 1s an illustration of a system 300 that facilitates
warping a 2-D 1mage via converting 2-D output pixel oflset
information, which 1s mapped to mput pixel location infor-
mation, into 1-D integer o

Iset information and determining
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an integer grid value for each pixel that can be employed
during an interpolation phase. The system 300 includes the
input component 102, warp component 104, and output
component 106, as described with respect to previous fig-
ures. Similarly, the warp component includes a converter
202 and encoder 204 as described with respect to FI1G. 2. The
system 300 further includes a data store 302 that 1s opera-
tively coupled to the warp component 104 and can store data
associated with image warping. Such data can be related to
input 1mage information and/or pixel information associated
with an mput image. Additionally, the data store 302 can
retain information related to, for example, floating point
pixel oflset values, conversions thercol to integer oflset
values as performed by the converter 202, and/or the integer
orid values that represent remainders obtained during con-
version of floating point values to integer values. Further-
more, the data store 302 can facilitate retention of integer
values (e.g., grid values, oflset values, etc.) 1n one or more
arrays (e.g., one or more arrays ol structures, wherein
respective structures contain each of a grid value and an
oflset value for a corresponding pixel). Pixel information
related to warped 1images to be output to a user via the output
component 106 can similarly be stored 1n the data store 302
in order to facilitate review of such warped images at the
user’s request. The data store 302 can be associated with a
user’s desktop computer, laptop, handheld, cellular phone,
etc., or can be a data store associated with a processor
therein, etc.

The system 300 further includes an algorithm bank 304
that stores algorithms (e.g., rules, formulas, etc.) that can be
employed by the warp component 104 to warp an 1mage. For
example, the algorithm bank 304 can retain an algorithm for
converting floating point offset values to integer oiflset
values that can be utilized to quickly and smoothly warp an
image. Moreover, the algorithm bank can store algorithms
that facilitate pixel interpolation based on, for example,
integer grid values and/or offset values stored in structures
retained 1n the data store 302. Such algorithms are discussed
in detail with regard to FIG. 7.

It will be appreciated that the data stores 302 and/or
algorithm banks 304 (e.g., memories) components described
herein can be either volatile memory or nonvolatile memory,
or can include both volatile and nonvolatile memory. By
way of 1llustration, and not limitation, nonvolatile memory
can include read only memory (ROM), programmable ROM
(PROM), electrically programmable ROM (EPROM), elec-
trically erasable programmable ROM (EEPROM), or flash
memory. Volatile memory can include random access
memory (RAM), which acts as external cache memory. By
way ol 1llustration and not limitation, RAM 1s available in

many forms such as synchronous RAM (SRAM), dynamic
RAM (DRAM), synchronous DRAM (SDRAM), double

data rate SDRAM (DDR SDRAM), enhanced SDRAM
(ESDRAM), Synchlink DRAM (SLDRAM), and direct
Rambus RAM (DRRAM). The memory of the systems and
methods 1s mtended to include, without being limited to,
these and any other suitable types of memory.

Turning now to FIG. 4, a system 400 1s illustrated that
facilitates warping a 2-D 1mage using integer math com-
prising a processor and intelligence that facilitates making
inferences regarding warping an image. The system 400
includes the mmput component 102, warp component 104,
and output component 106, as described herein. Similarly,
the warp component includes a converter 202 and encoder
204 as described supra. The warp component 104 1s opera-
tively coupled to a data store 302 that retains information
associated with warping an 1mage and an algorithm bank
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304 that stores algorithms related to performing an 1mage
warp, interpolating pixel data, etc., as described with reter-
ence to FIG. 3.

The warp component 104 1s further associated with a
processor 402 that analyzes data received by the warp
component 104. It 1s to be appreciated that the processor 402
can be a processor dedicated to analyzing information
received by the warp component 104, a processor that
controls one or more components of the system 400, and/or
a processor that both analyzes information received by the
warp component 104 and controls one or more components
of the system 400. It 1s to be appreciated that, although the
processor 402 1s 1llustrated as being operatively coupled to
the warp component 104, it 1s not limited thereto, but rather
can be coupled to any and all of the components of the
system 400 1n order to facilitate rapid warping of a 2-D
image using integer values.

Additionally, the warp component 104 1s operatively
coupled to an artificial intelligence (Al) component 404 that
can make inferences regarding operation of the system 300.
For example, the Al component 404 can infer table size,
sub-pixel grid size, etc., for a source pixel and/or surround-
ing pixels, based at least in part on a desired degree of
resolution and/or precision, etc. According to this example,
the Al component 404 can infer a suitable sub-pixel grid size
based on information related to user desires, system settings,
graphical output resources and/or capabilities, processor
speed, memory constraints, etc. For instance, a user can be
grven options regarding a desired output image quality (low,
medium, high, etc.), which the user can select prior to
warping. If the user selects medium-quality, then the Al
component 404 can infer that a sub-pixel grid with, for
example, 3-by-3 dimensions 1s suilicient to render a warped
image to the user while substantially mitigating occurrences
of undesired artifacts associated with the warped 1image. If
the user desires a higher-quality warped image, then the Al
component 404 can infer that a more complex (e.g., 5-by-5,
7-by-7, etc.) sub-pixel grid 1s suitable to render a warped
image to a user with greater reduction of aliasing of the
warped 1mage than can be achieved by a medium-quality
(e.g., 3-by-3) sub-pixel grid resolution.

By way of example, the AI component 404 can determine
that components associated with the image warp system 400
possess sullicient capabilities to provide superior quality
warped i1mages. For instance, 1f the Al component 404
determines that adequate processor speed, memory (RAM,
ROM, etc.), display resolution, etc., 1s present, the Al
component 404 can infer a mimmum sub-pixel grid dimen-
s10m, 1n order to provide a user with a superior warped 1mage
without noticeably increasing warp time and/or without
overly consuming system resources. In this manner, warped
image quality can be enhanced by taking advantage of
available system resources without diminishing a user’s
viewing experience. It is to be appreciated that the preceding,
examples are illustrative and are not intended to limit the
scope 1n which the Al component 404 renders inferences.

As used herein, the term “inference” refers generally to
the process of reasoning about or inferring states of the
system, environment, and/or user {from a set of observations
as captured via events and/or data. Inference can be
employed to identify a specific context or action, or can
generate a probability distribution over states, for example.
The inference can be probabilistic—that 1s, the computation
ol a probability distribution over states of interest based on
a consideration of data and events. Inference can also refer
to techniques employed for composing higher-level events
from a set of events and/or data. Such inference results in the
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construction of new events or actions from a set of observed
events and/or stored event data, whether or not the events are
correlated 1 close temporal proximity, and whether the
events and data come from one or several event and data
sources. Various classification schemes and/or systems (e.g.,
support vector machines, neural networks, expert systems,
Bayesian beliel networks, fuzzy logic, data fusion
engines . . . ) can be employed in connection with perform-
ing automatic and/or inferred action in connection with the
subject invention.

The Al component 404 provides for eflecting various
automated functionality 1 accordance with the invention.
The Al component 404 can employ classifiers 1n connection
with determination, inference, diagnostics, prognostics, and
prediction. It 1s to be appreciated that classification in
accordance with various aspects of the invention can employ
a probabilistic and/or statistical-based analysis (e.g., factor-
ing into the analysis utilities and costs) to prognose or infer
an action that a user desires to be automatically performed.
A classifier can be a function that maps an input attribute
vector, Xx=(X,, X,, X5, - . . , X_) t0 a confidence that the input
belongs to a class-that 1s, i(x)=confidence(class). For
example, a support vector machine (SVM) classifier can be
employed—an SVM generally operates by finding a hyper
plane that separates positive examples from negative
examples 1n a multi-dimensional feature space. Other
directed and undirected models classification approaches
including, e.g., natve Bayes, Bayesian networks, decision
trees, and probabilistic classification models providing dii-
ferent patterns of independence can be employed. Classifi-
cation as used herein also 1s inclusive of statistical regres-
sion that 1s utilized to develop models of priority.

FIG. 5 illustrates an exemplary 3-by-3 group of pixels
somewhere 1n a 2-D i1mage. Pixels are designated as a
function of the row M, and column N (where M and N are
positive integers), into which they fall i the image. As
illustrated, pixels are provided with position designations
relative to a source pixel N,M, 502, such that pixels 1n the
column preceding the column 1n which N,M {falls are des-
ignated as being in column N-1, etc. Likewise, pixels
residing 1n the row below the source pixel 502 are desig-
nated as being in row M+1, etc. Such designations can
additionally be provided and/or mterpreted as iteger oilset
values 1n order to identify pixel position quickly and efli-
ciently. In order to facilitate presentation of a smooth warped
image (e.g., mitigation of jagged edges due to displacement
of the source pixel), pixel information from one or more
neighboring pixels can be utilized, as described in the
exemplary commented code below and with reference to
FIG. 7.

FIG. 6 1s an 1illustration of a source pixel, expanded to
illustrate a sub-pixel grid 600 of the source pixel 502. The
sub-pixel grid 600 1s illustrated as having 3-by-3 dimen-
sions, but 1s not limited to such dimensions. Rather the
sub-pixel grid 600 can have any desired dimensions depend-
ing on desired precision and/or smoothness of the warped
image. For instance, the sub-pixel grid can be constructed
with 4-by-4 dimensions, wherein 16 sub-pixels can be
provided and arbitrarily numbered 0-15. According to
another example, the sub-pixel grid can be constructed to
parse a pixel into 23, 36, 49, etc., sub-pixels depending on
a user’s particular warping needs and/or desired smoothness
with regard to a warped image. Although even dimensions
can be employed by the systems and methods described
herein, odd dimensions have the added benefit of a central
sub-pixel grid region, which can reduce the amount of code
and/or resources expended to provide warping functionality.
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Moreover, the dimensions of the sub-pixel grid 600 are not
limited to being square (e.g., 2-by-2, 3-by-3, etc.), but rather
can be any suitable dimensions (e.g., 2-by-3, 3-by-3, etc.)
that facilitate rapid warping and reduction of artifacts.
Respective sub-grid dimensions can furthermore be gov-
erned by appropriately fashioned interpolation algorithms.

According to FIG. 6, the pixel center 602 1s located 1n
sub-grid region 4, which 1s at the center of the sub-pixel grid
600. As such, the center of the source pixel i1s ideally
positioned, and there 1s little, 1f any, possibility that any
artifacts will result from a pixel positioned 1n this manner.
However, pixels that are not i1deally centered can result 1n
artifacts that cause a jagged appearance, which 1s undesir-
able and detrimental to a user’s viewing experience. Such
artifacts can be prevented by the invention, as discussed 1n
detail with reference to FIG. 7, inira.

The grid value for a given pixel can be derived via
converting 2-D output pixel oflset values (e.g., an x-coor-
dinate and a y-coordinate, wherein the value of x 1ncreases
from left to right and the value of y increases from top to
bottom) nto integer values (e.g., iteger oflset values).
Remainders from the x and y oflset conversions can be
determined and can have a range of [0,1). For example, a
decimal portion of a floating point offset value can be
determined and multiplied by the width of the desired
sub-pixel grid 600. For illustrative purposes, it can be
assumed that the sub pixel grid 600 partitions a pixel in the
second row and second column of an 1mage. Because the
pixel center 602 1s centered within the pixel region 600, 1t
can be assumed to have an x-offset of 2.5 (e.g. half-way
across the pixel region) and a y-ofiset of 2.5 (e.g. halt-way
down the pixel region). Thus, the integer value for the
y-oilset 1s 2, and the remainder 1s 0.5. The x-remainder can
be multiplied by the width of the gnid (e.g., 3) to obtain a
value of 1.5, which can be truncated to a remainder integer
value of 1. The same method can be employed to determine
a y-remainder integer value for the tloating-point y-oilset
value, which will also equal 1 1n this example. Then, the
sub-grid region mto which the pixel center falls can be
determined by multiplying the y-remainder integer value by
the width of the grid and summing the product with the
x-remainder integer value, which will equal 4 according to
the subject example (e.g., 1*3+1=4). Thus, the pixel center
1s determined to have an integer grid value of 4, which
represents the center of the pixel. It 1s to be appreciated that
the foregoing 1s exemplary 1n nature, and that any suitable
orid dimensions can be employed in conjunction with the
systems and methods of the ivention.

FIG. 7 1s an 1llustration of a 3-by-3 group of pixels 700
somewhere 1n an 1mage, as described with reference to FIG.
6. The source pixel 502 at the center of the 3-by-3 group of
pixels 700 has been partitioned into a 3-by-3 sub-pixel grid
that facilitates 1dentification of pixel-center location within
the source pixel 502, which can be off-center as a result of
image warping. Such pixel-center location information can
be employed in conjunction with a warping algorithm that
defines rules for utilizing pixel mmformation from neighbor-
ing pixels based on the location of the pixel-center within the
source-pixel area. According to this example, there are 9
possible sub-pixel regions 1n which the center of the source
pixel can be located, arbitrarily labeled 0-8.

Exemplary algorithms that define rules for interpolating
pixel mmformation 1 such a 3-by-3 sub-pixel grid to mitigate
artifacts during warping 1s presented below:
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int XYoflsetTable[10][15] =

/I 4/9ths of current, 2/9ths of sides, 1/9th of farthest
{114, 0,-1,57,-1,0,28,0,1,57,0,0,0,0, 0 },
// quad O: source, up, up-left, left

// 2/3rds of current, 1/3rd of neighbor
{171,0,-1,85,0,0,0,0,0,0,0,0,0,0,0 },

// quad 1: source, up

/I 4/9ths of current, 2/9ths of sides, 1/9th of farthest
{114,0,-1,57,1,0,28,0,1,57,0,0,0,0,0 },
// quad 2: source, up, up-right, right

// 2/3rds of current, 1/3rd of neighbor
{171,-1,0,85,0,0,0,0,0,0,0,0,0,0,0 },

// quad 3: source, left

// All of current (See, e.g., Figure 6)
{256,0,0,0,0,0,0,0,0,0,0,0,0,0,0 },

// quad 4: source only

// 2/3rds of current, 1/3 of neighbor
{171,1,0,85,0,0,0,0,0,0,0,0,0,0,0 },

// quad 3: source, right

/I 4/9ths of current, 2/9ths of sides, 1/9th of farthest

{114, -1,0,57,0,1,28,1,0,57,0,0,0,0, 0 },
// quad 6: source, left, down-left, down

// 2/3rds of current, 1/3rd of neighbor
{171,0,1,85,0,0,0,0,0,0,0,0,0,0,0 },

// quad 7: source, down

/I 4/9ths of current, 2/9ths of sides, 1/9th of farthest
{114,1,0,57,0,1, 28, -1,0,57,0,0,0,0, 0 },
// quad 8: source, right, down-right, down
{256,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }

// quad 9: does not occur

Utilizing such rules in connection with FIG. 7, the “0”
region (e.g., quad 0) of the 3-by-3 sub-pixel grid of the
source pixel 502 1s shaded to indicate that the pixel-center of
the source pixel 502 is located therein. A such, the above-
described algorithms dictate that pixel-information should
be interpolated from neighboring pixels 1in the following
weighted proportions: 46 from pixel N,M (source pixel 502);
% from neighboring pixel N-1,M; 26 from neighboring
pixel N,M-1; and 4 from caddy-corner pixel N-1, M-1. In
this manner, the warped 1image pixel will include a portion
of the original source pixel, as well as information derived
from neighboring pixels 1n proportion to the respective
proximities ol the neighboring pixels to the source pixel.

If the pixel-center of the source pixel 1s determined to be
located 1n quad 1, then the algorithm provides that 24 of the
information associated with the warped pixel 502 should be
retained, and 4 of the information associated with pixel
N,M-1. A pixel center that 1s determined to be 1n quad 2 of
the sub-pixel grid can borrow mformation from neighboring
pixels according to the following agenda: %6 from the
caddy-corner neighbor, N+1,M-1; 246 from neighbor pixel
N+1,M; 24 from neighbor N,M-1. 4% of the pixel informa-
tion associated with the source pixel N,M can be retained to
provide a complete complement of pixel information in the
warped 1mage.

When the source pixel center 1s determined to reside 1n
quad 3 of the sub-pixel gnid, then 24 of the source pixel
information can be retained and 3 of the pixel information
of neighboring pixel N-1,M can be borrowed. Similarly, 1f
a source pixel center falls into quad 3 or quad 7, then 24 of
the source pixel iformation will be retained 1n the warped
pixel information set while Y3 of pixel information from
neighboring pixels N+1,M and N, M+1, respectively, will be
borrowed.

I1, after warping, the source pixel center 1s determined to
have remained 1n the center of the sub-pixel grid, quad 4,
then all of the pixel information originally associated with
the source pixel can be presented in the warped image.
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According to this scenario, no smoothing 1s required
because the position of the source pixel 502 has not changed.
Accordingly, no artifacts will arise as a result of warping the
pixel. Upon a determination that the center of the source
pixel has migrated to quad 6 as a result of warping, warped
pixel information can be generated by maintaining 46 of the
source pixel’s original information and supplementing 1t
with 26 from pixel N-1,M; 246 from N,M-1; and %6 from
N-1,M-1. In this manner, a complete set of information can
be produced for the warped source pixel 502 at high speed
and with minimal aliasing, resulting 1n a smoother warped
line and an enhanced viewer experience. Similarly, 11 the
center of the source pixel 502 1s determined to have moved
to quad 8, 46 of the original information associated with the
source pixel 502 will be retained. In this example, the
remainder of the information required to provide a full
complement of pixel immformation can be borrowed from

neighboring pixels according to the above-described algo-
rithm: 24 from pixel N+1,M; 346 from N,M+1; and % from

N+1,.M+1.

Exemplary pseudo-code for building a 1-D oflset table as
described herein can be, for instance:

voird MapTable::CheckBuildOfisetTable( )
{
if{ m_ pLookup ) return;
int TableWidth = GetOutwidth( );
int TableHeight = GetOutHeight( );
m__pLookup = new LookupPix[TableWidth * TableHeight];
LookupPix * pRun = m_ pLookup;
for( int y = 0 ; v < TableHeight ; y++ )

{
for( int x = 0 ; X <« TableWidth ; x++ )
{
float fy = *(float*) m_ pMapY->GetData( X, v );
foat fx = *(float™) m_ pMapX->GetData( X, y );
int 1X = nt(fx);
int 1y = nt(fy);
pRun->m_q=int( (fy —iy)*3)*3 +int( (X -ix ) * 3 );
/1 0-8
pRun->m_ o = ( 1y * m_ nlnwidth + 1x ) * RGB_ MULTIPLIER;
pRun++;
+ /7 for x
}/ fory

h

Exemplary pseudo-code that illustrates a routine run per
output pixel to perform the interpolation, 1n which lookups
are performed on RGB source data, 1s presented below:

// find starting lookup pixel of 1nput table

// THIS IS TABLE LOOKUP #1

//

LookupPix * pLookup = m__pLookup + TableWidth * y + x;

/f “walk the source table” by moving pSourceWalk up, down, left,
// right based 1n direction vectors 1n pOfifsetWalk

//

BYTE * pSrcWalkOrgin = pSrc + pLookup->m_ 0;

BYTE * pSourceWalk = pSrcWalkOrgin++; // start on a red pixel
register int * pOffsetWalk = PixelOffsetTable[pLookup->m_ q];
register int Weight:;

int r = 0;
int g = 0;
int b = 0;

// very fast inner loop
while( Weight = *pOflsetWalk++ )

1
r += pSourceWalk[0] * Weight;
g += pSourceWalk[1] * Weight;
b += pSourceWalk[2] * Weight;
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-continued

pSourceWalk += *pOfisetWalk++;

h

// all rgb values are * 256

*pDst++ = (r + 32768 ) / 6535336; // output Red
*pDst++ = ( g + 32768 )/ 65536; // output Green
*pDst++ = ( b + 32768 ) / 65536; // output Blue

While, for purposes of simplicity of explanation, the one
or more methodologies depicted herein, e.g., in the form of
a flow chart, are shown and described as a series of acts, it
1s to be understood and appreciated that the invention 1s not
limited by the order of acts, as some acts can, 1n accordance
with the 1nvention, occur 1n a diflerent order and/or concur-
rently with other acts from that shown and described herein.
For example, those skilled in the art will understand and
appreciate that a methodology could alternatively be repre-
sented as a series of interrelated states or events, such as 1n
a state diagram. Moreover, not all illustrated acts may be
required to implement a methodology in accordance with the
invention.

FIG. 8 1s an illustration of a methodology 800 for rapidly
warping a 2-D image via converting 2-D image pixel data
into a 1-D integer data that can be stored in an array of
structures, which 1n turn can be read and employed to warp
the image according to a sub-pixel grid map. At 802, a 2-D
image, such as a digitally captured picture, a scanned
photograph, a still-frame captured from digital video, etc.,
can be mput. At 804, a 2-D, floating point oflset table
associated with output pixels (e.g., where the 2-d offset table
defines warp coordinates of pixels that are mapped to mput
pixels) 1n the 2-D image can be employed to generate a 1-D
oflset table comprising integer values. Additionally, remain-
ders resulting from the conversion of the 2-D oflset table to
the 1-D offset table can be manipulated (e.g., as described
supra with respect to FIG. 6) to generate an integer grid
value for each pixel. An array of structures can be con-
structed to define the 1-D oflset tables, and, due to their
small size, table lookups can be stored in a CPU cache (e.g.,
an L1 or L2 cache), thereby facilitating warping an image
with greater speed than conventional image-warping sys-
tems and methods permit. This 1-D array can be read with
such speed at 806 because only a single-table lookup per
pixel 1s necessary. For example, structures can be read to
determine an offset value to a source pixel and an 1nteger
orid value for the source pixel. Based on the iteger oflset
value of the pixel, a walk-around table lookup can be
performed on the 1-D table for the pixel and the interpola-
tion algorithms described supra can be employed to deter-
mine a weighted percentage of pixel data (e.g., color, weight,
etc.) that should be interpolated from particular surrounding
pixels for smooth warping at 808. The methodology 800 can
be pertormed for each pixel in an 1image before a warped
version of the original 1image 1s output to a user at 810.

FIG. 9 1s an illustration of a methodology 900 for rapid
warping of a 2-D 1mage using a pre-calculated 1-D array of
look-up tables. At 902 a 2-D image 1s captured via, for
example, a digital camera. At 904, 2-D floating point x- and
y-oilset values for output pixels can be converted to integer
oflset values. For example, the floating point ofiset values
can be truncated to derive x- and y-integer oflset values. The
remainders from the truncation can be manipulated and
encoded mnto a single iteger number per pixel, which
represents a point on a sub-pixel grid. For instance remain-
ders from each of the x- and y-floating point value trunca-
tions can be multiplied by the sub-grid width and again
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truncated to obtain integer values for the respective remain-
ders. Then, the integer associated with the y-oflset reminder
can be multiplied by the sub-grid width and summed with
the integer associated with the x-oflset remainder to obtain
a single mteger grid value for a given pixel. If the grid 1s N
units 1 one direction, the range of the integer number can
be arbitrarily described as 0 to (N*N-1). For example, 1
N=3 (e.g., defimng a 3-by-3 gnid), then the range of the
integer grid value 1s from 0 to 8 (e.g., 3*3-1=8). This value
tacilitates rapid gleaning of mnformation during an interpo-
lation phase. Thus, the 2-D array of floating point ofisets (or
warp coordinates) 1s converted to a 1-D array of structures
wherein each structure contains only an integer oflset and an
integer grid value. The array of structures can be constructed
to define the tables, and such lookup tables can be small
enough that lookups thereon can be stored in a CPU cache
that stores most recent instructions, thereby facilitating
warping an image far more rapidly than conventional image-
warping systems and methods.

At 906, structures can be read to determine an oflset value
to a source pixel and an integer grid value for the source
pixel. Based on the oflset value of the pixel, a walk-around
table lookup can be performed on the 1-D table for the pixel
to lookup surrounding pixels, and an algorithm (e.g., dic-
tated by the grid value) can be employed to determine a
weilghted percentage of pixel data that should be interpolated
from surrounding pixels for smooth warping at 908. Thus,
during a warp the 1-D array can be read (e.g., a structure 1s
read) on a per-pixel basis, whereby the oflset to the source
pixel and the iteger grid value are obtained. From the grid
value, an 1deal pixel-center can be determined, which 1s the
point from which the source pixel should be read given the
whole pixel value offset. Utilizing the grid value, mterpo-
lation can be performed from the surrounding pixels 1n a
precise fashion. At 910, pixel data from surrounding pixels
1s borrowed according to the algorithms described supra 1n
order to smoothly and quickly warp the image on a per-
output-pixel basis. The methodology 900 can be performed
for each pixel 1n an 1mage and, at 912, the warped image can
be output to a user.

FIG. 10 1llustrates a methodology 1000 for warping a 2-D
image and mitigating unwanted artifacts i the warped
image to provide smooth lines 1n the warped image while
permitting a user to specily a desired image quality. At 1002,
a 2-D 1mage can be captured via a conventional device, such
as a digital camera, a scanner, etc. At 1004, a user can be
permitted to specily a desired image quality (e.g., low,
medium, high, etc.). For example, a user who desires speed
over quality can select to sacrifice quality 1n order to permit
more rapid warping. Additionally, a user who for whom
speed 1s not an 1ssue (e.g., due to sullicient system resources,
etc.) can select higher image quality. Once a user has
specified a desired warp 1image quality, inferences can be
made regarding suitable sub-grid dimensions. For example,
a lowest quality warped image can include a 2-by-2 sub-
pixel grid and employ an accordingly augmented algorithm,
such that artifacts can be mitigated to a degree while 1mage
warping occurs as rapidly as possible. According to a related
example, a user who has suflicient system resources (e.g.,
processor speed, available memory, display resolution, etc.)
can select for higher warped image quality (e.g., 3-by-3,
S-by-3, etc.), as such high-quality will not likely be ham-
pered by system limitations. Then, at 1006, sub-pixel grid
dimensions can be inferred. Depending on the complexity of
the sub-pixel grid, the algorithm described above can be
appropriately augmented to retlect variations in the percent-
age ol mformation borrowed from neighboring pixels.
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At 1008, a 2-D, floating point oflset table associated with
output pixels in the 2-D 1mage can be converted to a 1-D
offset table that includes integer values. Additionally,
remainders resulting from the conversion of the 2-D oiflset
table to the 1-D oflset table can be manipulated (e.g., as
described supra with respect to FI1G. 6) to generate an integer
orid value for each pixel. 1-D oflset tables for pixels can then
be represented 1 an array of structures, and the table
lookups can be stored in a CPU cache (e.g., and L1 or L2
cache) to permit faster warping than conventional systems
permit. At 1010, the structures can be read to determine an
integer oflset value and an integer grid value associated with
a source pixel. A walk-around table lookup can be performed
on the 1-D table for the source pixel based on the pixel offset
value, and an algorithm can be employed to determine a
weighted percentage of pixel data that should be interpolated
from surrounding pixels for smooth warping at 1012. At
1014, pixel data from surrounding pixels can interpolated to
smoothly and quickly warp the image on a per-output-pixel
basis. The methodology 1000 can be performed for each
pixel in an 1mage and, at 1016, the warped 1mage can be
output to a user.

FIG. 11 1s an 1illustration of a methodology 1100 for
high-speed 1mage warping and alias reduction to provide
smooth, warped 1mages quickly. At 1102, a 2-D image can
be captured via a conventional device, such as a digital
camera, a scanner, etc. At 1004, a determination can be made
regarding output device capabilities, such that image quality
(e.g., low, medium, high, etc.) can be adjusted in the event
that an output device 1s determined to have capabilities that
substantially deviate from an expected value. For example,
upon a determination that a given device has limited capa-
bilities, a determination can be made to warp an 1mage at a
lower sub-grid resolution. An exemplary lower-quality
warped i1mage can include a 2-by-2 sub-pixel grid and
employ an accordingly augmented algorithm, such that
artifacts can be mitigated to a degree while image warping
occurs as rapidly as possible. According to a related
example, upon detection of greater-than-average system
resources (e.g., processor speed, available memory, display
resolution, etc.) higher warped 1mage quality (e.g., 3-by-3,
5-by-3, etc.) can be provided, as such high-quality will not
likely be hampered by resource limitations. Based upon such
determinations, the dimensions of the sub-pixel grid can be
inferred at 1106. Depending on the complexity of the
sub-pixel grid, the algorithms described above can be appro-
priately augmented to reflect variations in the percentage of
information borrowed from neighboring pixels.

At 1108, a 2-D, floating point oflset table, which defines
output pixel locations based at least 1n part on mput pixel
location information 1n the 2-D 1mage, can be converted to
a 1-D oflset table that includes integer values. Additionally,
remainders resulting from the conversion of the 2-D oflset
table to the 1-D offset table can be manipulated (e.g., as
described supra with respect to FIG. 6) to generate an integer
or1d value for each pixel. 1-D oflset tables for pixels can then
be represented as an array of structures, and at 1110, the
structures can be read to determine an oflset value and an
integer value associated with a source pixel. A walk-around
table lookup can be performed on the 1-D table for the
source pixel based on the pixel offset value, and an algo-
rithm can be employed to determine a percentage of pixel
data that should be interpolated from surrounding pixels for
smooth warping at 1112. Additionally, because the tables
upon which the lookups are performed are small (e.g., gnid
values can only vary from O to N*N-1, etc.), lookups can be
stored 1n the L1 or L2 processor cache, facilitating faster
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warping than conventional methods permit. At 1114, pixel
data from surrounding sub-pixel regions in the pixel grid 1s
borrowed to smoothly and quickly warp the image on a
per-output-pixel basis. The methodology 1100 can be per-
formed for each pixel in an 1mage and, at 1116, the warped
image can be output to a user.

Referring now to FIG. 12, there 1s illustrated a block
diagram ol a computer operable to execute the disclosed
architecture. In order to provide additional context for
various aspects of the invention, FIG. 12 and the following
discussion are itended to provide a brief, general descrip-
tion of a suitable computing environment 1200 in which the
various aspects of the invention may be implemented. While
the 1nvention has been described above in the general
context of computer-executable instructions that may run on
one or more computers, those skilled in the art will recog-
nize that the invention also may be implemented 1n combi-
nation with other program modules and/or as a combination
of hardware and software. Generally, program modules
include routines, programs, components, data structures,
etc., that perform particular tasks or implement particular
abstract data types. Moreover, those skilled in the art will
appreciate that the inventive methods may be practiced with
other computer system configurations, including single-
processor or multiprocessor computer systems, minicomput-
ers, mainirame computers, as well as personal computers,
hand-held computing devices, microprocessor-based or pro-
grammable consumer electronics, and the like, each of
which may be operatively coupled to one or more associated
devices. The illustrated aspects of the invention may also be
practiced 1n distributed computing environments where cer-
tain tasks are performed by remote processing devices that
are linked through a communications network. In a distrib-
uted computing environment, program modules may be
located 1n both local and remote memory storage devices.

With reference again to FIG. 12, there 1s illustrated an
exemplary environment 1200 for implementing various
aspects of the mvention includes a computer 1202, the
computer 1202 including a processing unit 1204, a system
memory 1206 and a system bus 1208. The system bus 1208
couples system components including, but not limited to, the
system memory 1206 to the processing unit 1204. The
processing unit 1204 may be any of various commercially
available processors. Dual microprocessors and other multi-
processor architectures may also be employed as the pro-
cessing unit 1204.

The system bus 1208 can be any of several types of bus
structure that may further interconnect to a memory bus
(with or without a memory controller), a peripheral bus, and
a local bus using any of a variety of commercially available
bus architectures. The system memory 1206 includes read
only memory (ROM) 1210 and random access memory
(RAM) 1212. A basic mput/output system (BIOS) 1s stored
in a non-volatile memory 1210 such as ROM, EPROM,
EEPROM, which BIOS contains the basic routines that help
to transier information between elements within the com-
puter 1202, such as during start-up.

The computer 1202 further includes a hard disk drive
1214, a magnetic disk drive 1216, (e.g., to read from or write
to a removable disk 1218) and an optical disk drive 1220,
(e.g., reading a CD-ROM disk 1222 or to read from or write
to other high capacity optical media such as Digital Video
Disk (DVD)). The hard disk drive 1214, magnetic disk drive
1216 and optical disk drive 1220 can be connected to the
system bus 1208 by a hard disk drive interface 1224, a
magnetic disk drive interface 1226 and an optical drive
interface 1228, respectively. The drives and their associated
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computer-readable media provide nonvolatile storage of
data, data structures, computer-executable instructions, and
so forth. For the computer 1202, the drives and media
accommodate the storage of broadcast programming 1n a
suitable digital format. Although the description of com-
puter-readable media above refers to a hard disk, a remov-
able magnetic disk and a CD, it should be appreciated by
those skilled in the art that other types of media which are
readable by a computer, such as zip drives, magnetic cas-
settes, flash memory cards, digital video disks, cartridges,
and the like, may also be used 1n the exemplary operating
environment, and further that any such media may contain
computer-executable instructions for performing the meth-
ods of the invention.

A number of program modules can be stored in the drives
and RAM 1212, including an operating system 1230, one or
more application programs 1232, other program modules
1234 and program data 1236. It i1s appreciated that the
invention can be implemented with various commercially
available operating systems or combinations ol operating
systems.

A user can enter commands and information into the
computer 1202 through a keyboard 1238 and a pointing
device, such as a mouse 1240. Other mnput devices (not
shown) may include a microphone, an IR remote control, a
joystick, a game pad, a satellite dish, a scanner, or the like.
These and other mput devices are often connected to the
processing unit 1204 through a serial port intertace 1242 that
1s coupled to the system bus 1208, but may be connected by
other interfaces, such as a parallel port, a game port, a
umversal serial bus (“USB”), an IR interface, etc. A monitor
1244 or other type of display device 1s also connected to the
system bus 1208 via an interface, such as a video adapter
1246. In addition to the monitor 1244, a computer typically
includes other peripheral output devices (not shown), such
as speakers, printers etc.

The computer 1202 may operate 1n a networked environ-
ment using logical connections via wired and/or wireless
communications to one or more remote computers, such as
a remote computer(s) 1248. The remote computer(s) 1248
may be a workstation, a server computer, a router, a personal
computer, portable computer, microprocessor-based enter-
tainment appliance, a peer device or other common network
node, and typically includes many or all of the elements
described relative to the computer 1202, although, for pur-
poses of brevity, only a memory storage device 1250 1s
illustrated. The logical connections depicted include a local
area network (LAN) 1252 and a wide area network (WAN)
1254. Such networking environments are commonplace 1n
oflices, enterprise-wide computer networks, intranets and
the Internet.

When used in a LAN networking environment, the com-
puter 1202 1s connected to the local network 12352 through
a wired or wireless communication network interface or
adapter 1256. The adaptor 1256 may {facilitate wired or
wireless communication to the LAN 1252, which may also
include a wireless access point disposed thereon for com-
municating with the wireless adaptor 1256. When used 1n a
WAN networking environment, the computer 1202 typically
includes a modem 1258, or 1s connected to a communica-
tions server on the LAN, or has other means for establishing
communications over the WAN 1254, such as the Internet.
The modem 1258, which may be internal or external and a
wired or wireless device, 1s connected to the system bus
1208 wvia the serial port interface 1242. In a networked
environment, program modules depicted relative to the
computer 1202, or portions thereof, may be stored in the
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remote memory storage device 1250. It will be appreciated
that the network connections shown are exemplary and other
means of establishing a communications link between the
computers may be used.

The computer 1202 1s operable to communicate with any
wireless devices or entities operably disposed in wireless
communication, €.g., a printer, scanner, desktop and/or
portable computer, portable data assistant, any piece of
equipment or location associated with a wirelessly detect-
able tag (e.g., a kiosk, news stand, restroom), and telephone.
This includes at least Wi-Fi1 and Bluetooth™ wireless tech-
nologies. Thus the communication may be a predefined
structure as with conventional network or simply an ad hoc
communication between at least two devices.

Wi-F1, or Wireless Fidelity, allows connection to the
Internet from a couch at home, a bed 1n a hotel room or a
conference room at work, without wires. Wi-Fi1 1s a wireless
technology like a cell phone that enables such devices, e.g.,
computers, to send and receirve data indoors and out; any-
where within the range of a base station. Wi-F1 networks use
radio technologies called IEEE 802.11 (a, b, g, etc.) to
provide secure, reliable, fast wireless connectivity. A Wi-Fi
network can be used to connect computers to each other, to
the Internet, and to wired networks (which use IEEE 802.3

or Ethernet). Wi-Fi1 networks operate 1n the unlicensed 2.4

and 5 GHz radio bands, with an 11 Mbps (802.11b) or 54
Mbps (802.11a) data rate or with products that contain both
bands (dual band), so the networks can provide real-world
performance similar to the basic 10BaseT wired Ethernet
networks used 1n many oiflices.

The disclosed computer 1202 may also be employed with
HiperL AN technology. HiperLLAN 1s a set of wireless local
arca network (WLAN) communication standards primarily
used 1n European countries. There are two specifications:
HiperLAN/1 and HiperLAN/2, both of which have been
adopted by the European Telecommunications Standards
Institute. The HiperL AN standards provide features and
capabilities similar to those of the IEEE 802.11 WLAN
standards used in the U.S. and other adopting countries.
HiperLAN/1 provides communications at up to 20 Mbps 1n
the 5-GHz range of the radio frequency spectrum. Hiper-
LLAN/2 operates at up to 54 Mbps in the same RF band, and
1s compatible with 3G (third-generation) WLAN systems for
sending and receiving data, images, and voice communica-
tions. HiperLAN/2 has the potential, and 1s intended, for

implementation worldwide in conjunction with similar sys-
tems 1n the 5-GHz RF band.

Referring now to FIG. 13, there 1s 1llustrated a schematic
block diagram of an exemplary computing environment
1300 in accordance with the mvention. The system 1300
includes one or more client(s) 1302. The client(s) 1302 can
be hardware and/or software (e.g., threads, processes, com-
puting devices). The client(s) 1302 can house cookie(s)
and/or associated contextual information by employing the
invention, for example. The system 1300 also includes one
or more server(s) 1304. The server(s) 1304 can also be
hardware and/or software (e.g., threads, processes, comput-
ing devices). The servers 1304 can house threads to perform
transformations by employing the invention, for example.
One possible communication between a client 1302 and a
server 1304 may be in the form of a data packet adapted to
be transmitted between two or more computer processes.
The data packet may include a cookie and/or associated
contextual information, for example. The system 1300
includes a communication framework 1306 (e.g., a global
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communication network such as the Internet) that can be
employed to facilitate communications between the client(s)

1302 and the server(s) 1304.

Communications may be facilitated via a wired (including
optical fiber) and/or wireless technology. The client(s) 1302
are operably connected to one or more client data store(s)
1308 that can be employed to store information local to the
client(s) 1302 (e.g., cookie(s) and/or associated contextual
information). Similarly, the server(s) 1304 are operably
connected to one or more server data store(s) 1310 that can
be employed to store imnformation local to the servers 1304.

What has been described above includes examples of the
invention. It 1s, of course, not possible to describe every
concelvable combination of components or methodologies
for purposes of describing the invention, but one of ordinary
skill in the art may recognize that many further combina-
tions and permutations ol the invention are possible.
Accordingly, the invention i1s mtended to embrace all such
alterations, modifications and variations that fall within the
spirit and scope of the appended claims. Furthermore, to the
extent that the term “includes” 1s used 1n either the detailed
description or the claims, such term 1s intended to be
inclusive 1n a manner similar to the term “comprising” as
“comprising’ 1s interpreted when employed as a transitional
word 1n a claim.

What 1s claimed 1s:

1. A system that warps a two-dimensional 1mage, com-
prising;:

an 1mmput component that receives the two-dimensional
image; and

a warp component that maps output pixel offset values 1n
floating point format to input pixel coordinates and
linearizes the output pixel oilset values via converting,
the output pixel ofiset values for each pixel into an
integer grid value and integer oflset values for respec-
tive pixel(s), the warp component determines a floating
point remainder for each of an x-offset value and a
y-oilset value for a given pixel, converts each floating
point remainder to an integer remainder value by
multiplying the floating point remainder by the width of
a sub-pixel grid and truncates the product to obtain an
x-oilset integer value and a y-offset integer value and
determines the integer grid value from the integer
remainder values:

wherein the integer offset value 1s utilized to determine a
location of a pixel and the integer grid value 1s utilized
to 1dentily a suitable warping algorithm for warping the
two-dimensional 1mage.

2. The system of claim 1, wherein the warp component

partitions the pixel into the sub-pixel grid of a predetermined
height and width.

3. The system of claim 1, wherein determiming the floating
point remainders comprises truncating each of the x-oflset
and the y-oflset floating point values and subtracting the
truncated values from their respective floating point values.

4. The system of claim 1, further comprising a one-
dimensional array of structures that store integer values,
wherein each of the structures comprises integer oilset
values that represent the position of the pixel relative to all
other pixels, and the integer grid value, which represents the
position of the pixel center within the sub-pixel grid.

5. The system of claim 4, wherein the warp component
reads the one-dimensional array of structures to obtain the
integer ollset values and the integer grid values on a per-
pixel basis during a warp.
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6. The system of claim 1, wherein the warp component
utilizes a warping algorithm to interpolate pixel information
from surrounding pixels based at least 1n part on the integer
orid value.

7. The system of claim 6, wherein the warping algorithm
1s a nearest neighbor interpolation algorithm.

8. The system of claim 2, wherein the height of the
sub-pixel grid 1s equal to the width of the sub-pixel grid.

9. The system of claim 8, wherein sub-pixel regions
within the sub-pixel grid are numbered from left to right in
descending rows, from O to N, where N 1s an integer equal
to the product of the height and width of the sub-pixel
region, minus one.

10. The system of claim 9, wherein the integer grid value
1s within the range [O,N].

11. A method for rapidly warping a two-dimensional
1mage, comprising:

generating a table of warp coordinates that maps output

pixel location in floating point format to input pixel
location;
converting floating point output pixel oflset values on a
per-pixel basis 1into integer oflset values and an integer
orid value that represents a region of a sub-pixel grid 1n
which a pixel’s center 1s positioned;

determining a floating point remainder for each of an
x-oifset value and a y-offset value for a given pixel;

converting each floating point remainder to an integer
remainder value by multiplving the floating point
remainder by the width of the sub-pixel grid and
truncating the product to obtain an x-oflset integer
value and a y-offset integer value;

determining the teger grid value from the integer

remainder values;

encoding a structure within a one-dimensional array of

structures with the integer oflset values and the integer
orid value; and

employing the integer offset values during warping to

identify an output pixel, and the integer grid value to
identily surrounding pixels from which information
will be interpolated.

12. The method of claim 11, wherein x- and y-integer
oflset values are determined via truncating the tloating point
warp coordinate values.

13. The method of claim 11, wherein determining the
floating point remainders comprises truncating each of the
x-oilset and the y-offset floating point values and subtracting
the truncated values from their respective floating point
values.

14. The method of claim 11, wherein determining the
integer grid value of a pixel from the integer remainder
values comprises multiplying the y-offset integer value by
the width of the sub-pixel grid and summing the product
with the x-oflset mteger value.

15. The method of claim 11, further comprising performs-
ing a single table lookup per output pixel to find the structure
associated with the output pixel during a warp.

16. The method of claim 15, further comprising performs-
ing a series of table lookups on a table that 1s indexed on the
possible integer grid values for the output pixel to determine
which of a plurality of surrounding pixels should be selected
for pixel data interpolation.

17. The method of claim 16, wherein the set of possible
integer grid values for the output pixel 1s [0,(H*W-1)],
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where H and W are integers representing the height and
width, respectively, of the sub-pixel grid.

18. A method for high-speed digital image warping,
comprising:
generating a warp table that maps output pixel locations
in floating point format to input pixel locations;

pre-converting tloating-point pixel location information
to mteger pixel mformation by determining a floating
point remainder for each of an x-offset value and a
y-oilset value for a given pixel, converting each tloat-
ing point remainder to an integer remainder value by
multiplying the floating point remainder by the width of
the sub-pixel grid and truncating the product to obtain
an x-oilset integer value and a y-oflset integer value,
and determining an integer grid value from the integer
remainder value;

generating an away of structures comprising integer infor-
mation for each pixel in an 1image; and

warping the image based at least in part on integer
information in the structures.

19. The method of claim 18, wherein the integer infor-
mation further comprises an integer oflset value.

20. The method of claim 18, wherein warping the image
further comprises:

performing a table lookup based on offset values for a
given source pixel; and

performing a series of subsequent table lookups on a table
indexed on the mteger grid value of the source pixel to
determine appropriate percentages ol information to
interpolate from neighboring pixels.

21. The method of claim 20, further comprising interpo-
lating information from neighboring pixels as determined by
an iterpolation algorithm that 1s selected based at least 1n
part on the mteger grid value.

22. A system that facilitates rapid warping of a digital
image, comprising:
means for converting output pixel mformation from a

two-dimensional floating-point format to a one-dimen-
stonal integer format;

means for determining a tloating point remainder for each
of an x-oflset value and a y-oflset value for a each pixel;

means for converting each tloating point remainder to an
integer remainder value by multiplying the floating
point remainder by the width of the sub-pixel grid and
truncating the product to obtain an x-oflset integer
value and a y-offset integer value;

means for determining an iteger grid value for each pixel
from the integer remainder values for each pixel;

means for generating an array of structures, wherein each
structure comprises the integer grid value and an inte-
ger oflset values for a single pixel; and

means for mterpolating pixel information from neighbor-
ing pixels to warp an 1mage based at least 1n part on the
integer grid values.

23. The system of claim 22, further comprising means for
outputting a warped 1mage to a user.

24. A computer-readable medium having stored thereon
computer executable components of the system of claim 1.
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